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ABSTRACT
We present Spitzer MIPS SED and IRS observations of 14 Galactic Supernova
Remnants previously identified in the GLIMPSE survey. We find evidence for
SNR/molecular cloud interaction through detection of [O I] emission, ionic lines, and
emission from molecular hydrogen. Through black-body fitting of the MIPS SEDs we
find the large grains to be warm, 29–66 K. The dust emission is modeled using the
DUSTEM code and a three component dust model composed of populations of big
grains, very small grains, and polycyclic aromatic hydrocarbons. We find the dust to
be moderately heated, typically by 30–100 times the interstellar radiation field. The
source of the radiation is likely hydrogen recombination, where the excitation of hydro-
gen occurred in the shock front. The ratio of very small grains to big grains is found for
most of the molecular interacting SNRs to be higher than that found in the plane of the
Milky Way, typically by a factor of 2–3. We suggest that dust shattering is responsible
for the relative over-abundance of small grains, in agreement with prediction from dust
destruction models. However, two of the SNRs are best fit with a very low abundance
of carbon grains to silicate grains and with a very high radiation field. A likely reason
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for the low abundance of small carbon grains is sputtering. We find evidence for silicate
emission at 20 µm in their SEDs, indicating that they are young SNRs based on the
strong radiation field necessary to reproduce the observed SEDs.
Subject headings: ISM:supernova remnants ISM:dust infrared:extinction
1. Introduction
Supernovae have a profound effect on their environment. Supernova remnants (SNRs) will
compress and heat the surrounding interstellar material and potentially alter its chemical composi-
tion. Due to the short life time of massive stars, it is expected that a significant fraction of massive
stars will explode as supernovae in or nearby molecular clouds. However, until recently, only a few
SNRs are known interacting with a surrounding molecular cloud.
Using Spitzer GLIMPSE survey data (Churchwell et al. 2009), Reach et al. (2006) identified
a series of Galactic SNRs in the infrared, a sub-sample having IRAC colors that could indicate
emission from shocked H2. The analysis of follow-up Spitzer IRS low resolution spectra confirmed
the detection of H2 in all of the SNRs (6 from Hewitt et al. (2009) and the rest in this paper), more
than doubling the sample of known interacting Galactic SNRs.
Interacting SNRs are an ideal laboratory to study the effects of fast shocks on the interstellar
material. A series of papers have predicted that shocks can both sputter and shatter the interstellar
dust and thus potentially modify its abundance and size distribution (e.g. Borkowski & Dwek 1995;
Jones et al. 1994; Guillet et al. 2007, 2009). Changes in the dust distribution and abundance will
impact the extinction law of the dust and SNRs are a unique possibility to observationally constrain
the shock models.
Previous observations of interacting SNRs are limited. Since they are located in the Galactic
plane, there is a significant contribution from unrelated material along the line of sight. Previous
studies, utilizing mainly ISO observations, of e.g. 3C391, W28, and W44 had to rely on a fit to
the general Galactic background emission to obtain the emission from the SNR. ISO observations
of 3C391 found that ∼1 M⊙ of shock excited dust was present within the 80 arcseconds FWHM
beam (Reach & Rho 2000). Conversely, the Si and Fe lines in the spectra indicated a total amount
of vaporized dust of 0.5 M⊙, suggesting a dust destruction of ∼30% in 3C391. For W28, and W44,
the dust emission from the SNR was relatively weak compared to the Galactic emission and the
dust mass could not be constrained. Because of improved background subtraction which has been
possible with Spitzer data due to the spatial coverage of the slit, the additional uncertainty from
the background modeling can be reduced.
The dust analysis of interacting SNRs using ISO data described above was limited to long
wavelengths (greater than 40 µm). Shorter wavelength observations are necessary to probe the
emission from the very small grains and polycyclic aromatic hydrocarbons (PAHs) in greater details.
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The ratio of the very small grain (VSG) to big grain (BG) abundances can provide insight into
dust destruction mechanisms. Dust destruction models predict a different destruction efficiency for
graphite and silicates, respectively (e.g. Jones et al. 1994). The models further predicts a strong
dependence on grain size for the dust destruction efficiency. Thus, a comparison of the ratio of
VSGs to BGs in the SNRs with the similar ratio determined in the Galaxy and the LMC (e.g.
Bernard et al. 2008) will provide constraints on dust destruction models.
Here we present an analysis of the continuum and PAH emission as well as the [O I] 63
µm emission from a sample of inner Galaxy SNRs. We discuss MIPS SED observations and low
resolution IRS spectra of a sample of 14 SNRs. The observations were centered on the emission
peaks for each SNR identified in the GLIMPSE data (Reach et al. 2006). The wavelength coverage
from 5 to 80 µm ensures a good sampling of the three main dust species and enables us to fit the
continuum in greater detail than previous mid–infrared observations that had much lower spatial
resolution and lacked proper background subtraction.
The paper is structured as follows. In Section 2 we present the observations and describe the
data reduction. We outline the basic results in Section 3. Modified black bodies are fitted to the
long wavelength data and used to estimate the temperature of the big grains. We further discuss
the detection of the [O I] line at 63 µm in several of the MIPS SEDs. We fit the continuum with a
three-component dust model and discuss the basic properties for each SNR in Section 4. In Section
5 we discuss the derived relative abundance of the dust species. The total amount of dust in each
SNR is then estimated from the 24 and 70 µm image by extrapolation of the results of the dust
fitting to the whole SNR. Finally, we present our conclusions in Section 6.
2. Observations
We have obtained Spitzer MIPS SED observations and IRS low resolution spectra of a total
of 14 individual Galactic SNRs as part of cycle 3 (program ID 30585; PI: J. Rho). Three of the
SNRs, CTB37A, RCW103, and 3C396 were observed at two positions. For all 17 positions we have
obtained low–resolution (LR) IRS spectra in all four sub–slits of the LR module, covering the 5–35
µm range as well as MIPS SEDs. Part of the IRS data were discussed in Hewitt et al. (2009). Here
we present the line intensities for the remaining SNRs and discuss the continuum emission from
the whole sample. The basic characteristics for a subset of the SNRs discussed in this paper were
described in Hewitt et al. (2009). For the remaining SNRs, the data are summarized in Table 1
and the details are provided in Section 4.4. Below we describe the data reduction.
2.1. MIPS SEDs
Mid–infrared observations of the SNRs were obtained using the SED mode of the MIPS in-
strument. The spectral dispersion is 1.771 µm pixel−1 over the wavelength range 53µm to 96µm.
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Table 1. Basic properties of sample SNRsa
Name Other name RA DEC distance Diameter Size NH
(J2000) (J2000) (kpc) (′) (pc) (1022cm−2)
G11.2-0.3 · · · 18:11:32.3 -19:27:12 5.0 4 5.8 2.0
Kes69 G21.8-0.6 18:33:01.9 -10:13:43 5.2 20 30 2.4
G22.7-0.2 · · · 18:33:09.0 -09:26:41 3.7 26 28 7.8
3C396cent G39.2-0.3 19:04:18.7 +05:26:31 8.0 8x6 16 4.7
3C396shell G39.2-0.3 19:03:56.2 +05:25:50 8.0 8x6 16 4.7
G54.4-0.3 · · · 19:33:05.5 19:16:47 3.0 40 35 1.0
Kes17 G304.6+0.1 13:05:32.8 -62:40:06 9.7 8 23 3.6
Kes 20A G310.8-0.4 14:00:41.4 -62:20:21 13.7 12 48 7.9
G311.5-0.3 · · · 14:05:22.1 -61:58:11 14.8 5 21.5 2.5
RCW103 G332.4-0.4 16:17:31.8 -51:06:34 3.1 10 9 0.7
RCW103fill G332.4-0.4 16:17:14.8 -51:01:40 3.1 10 9 0.7
G344.7-0.1 · · · 17:03:57.6 -41:40:51 14.0 10 41 5.5
G346.6-0.2 · · · 17:10:14.6 -40:14:38 11 8 26 2.7
G348.5-0.0 · · · 17:15:04.9 -38:33:41 11.3 10 33 2.8
CTB 37A–N G348.5+0.1 17:14:25.8 -38:33:09 11.0 15 48 3.2
CTB 37A–S G348.5+0.1 17:14:35.0 -38:28:20 11.0 15 48 3.2
G349.7+0.2 · · · 17:18:00.7 -37:26:16 22.4 2.5x2 15 5.8
aThe basic properties for the sample SNRs – Kes 69, 3C 396, Kes 17, G346.6-0.2, G348.5-0.0,
and G349.7+0.2 – are obtained from Hewitt et al. (2009). The references are given in the text.
The coordinates provided are for the location of the extracted IRS spectra.
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Details for the MIPS SED mode can be found in Lu et al. (2008). Observations were obtained in
a standard on–off pattern with an offset of 3′. Each cycle of on-off positions consisted of a STIM
flash and 3 subsequent on–off pairs. For each SNR we obtained 10 cycles with the integration time
chosen to be 3.15 seconds for each on and off position. We have adopted the pipeline processed
BCD frames and produced the final on and off mosaics using the mopex software provided by the
Spitzer Science Center. However, the flash associated with the STIM was found to contaminate
the first on–off pair and these have been manually excluded before the data were co–added. The
total integration time for the on and off positions is 63 seconds. The locations of the on and off
positions are superposed on the images of the SNRs shown in Figure 1.
The location of the emission from the SNR within the slit was in each case identified through
visual inspection and by comparison with the MIPSGAL images at both 24 µm and 70 µm. The
spectrum was extracted over 3 pixels in the spatial direction. The extraction width corresponds to
29.′′4, resulting in a total extraction area of 19.′′6 × 29.′′4.
We have used the same region in the slit for the on and off position for most of the SNRs.
However, the off position was contaminated in a few instances which has forced us to use an off
position located at a slightly different position on the chip. For G11.2-0.3, the orientation of the slits
was such that the off position is contaminated by an extremely bright mid–IR source. The source
was bright enough to contaminate the whole slit and no suitable background could be obtained.
We have instead used a different off position at (RA,DEC)=(272.618098,-19.374681) (program ID
3121, PI K. Kraemer). One of the observations of RCW 103 had the off position located within the
SNR due to the particular roll angle of the satellite during the observations. We have used the off
position from the other RCW 103 observation (RCW 103 filament) for both MIPS SEDs. Further,
we have used the most western part of the off observation to extract the sky since most of the off
position was within the SNR as well.
Adopting a different off position can introduce instrument artifacts that would otherwise have
been cancelled out in a normal chopping pattern. We have used standard star observations to
investigate the potential effects due to using a different off position. Comparison of the different
off positions show that the typical error in the measured surface brightness is of the order 10–20
MJy/sr. This corresponds to an additional uncertainty of 5–10% in the surface brightness errors.
We find the scatter to be mainly random in a choice of a different sky position with the potential
systematic shift being less than 10 MJy/sr. Thus, since the large grain dust abundance derived
below is linearly dependent on the surface brightness, an additional systematic uncertainty of less
than 10% is expected for this component in the case of G11.2-0.3. For RCW103 the uncertainty is
∼20% for the filament position. The second position turns out to be very weak at long wavelengths
and the continuum is thus poorly defined. Thus, we have only provided the surface brightness of
the [O I] line for the MIPS SED in the subsequent analysis.
The surface brightness of the Spitzer Science Center (SSC) SED pipeline products of BCD and
mosaicked images were a factor of 4-5 higher than that of the MIPS wide-field (WF) images. By
– 6 –
working with MIPS Ge team, we found that two corrections should be made for extended emission.
First, the processed data were multiplied by the aperture correction because they are optimized
to point sources. The aperture corrections as a function of wavelength is provided in Table 2 in
Lu et al. (2008). Second, the MIPS images have a pixel size of 9.8′′ square while the width of the
SED slit is 20′′. Thus, the BCD values should be divided by 2.041. More information can be found
at the website1.
The derived surface brightness have been compared with the surface brightnesses determined
from the MIPS 70µm WF images. The MIPS imaging data are plagued by non–linearity effects
due to the brightness of the Galactic plane at mid–IR wavelengths. The surface brightness is thus
consistently lower in the MIPS WF images than in the MIPS SEDs and the flux ratio changes as
the function of the flux level. The ’on’ positions are brighter than the MIPS WF fluxed by ∼ 40%
whereas the off positions are brighter by ∼30%. The discrepancy is most likely due to non linearity.
After discussions with the MIPS SED team, we have agreed the SED surface brightness estimates
are more accurate than the MIPS WF values. The MIPS 160 µm data are saturated in the Galactic
plane.
2.2. IRS Spectra
IRS low–resolution spectra were obtained for all the SNRs. The wavelength coverage is from
5–37 µm with a spectral resolution of 50–100. The 2 dimensional BCD frames were reduced in
a standard manner utilizing the Spitzer pipeline. Adjacent frames were also obtained in order to
correct the spectra for rogue pixels. The GLIMPSE data were used to locate regions within a few
degrees of each SNR with very low emission where the IRS rogue pixel frames were obtained. The
rogue BCD frames were median combined and were then subtracted from the BCD frames covering
the SNR. Some rogue pixels remained and were identified by hand and replaced by the interpolated
value of the surrounding pixels.
The spectrum in each sub–slit was extracted from the location of maximal emission for the
SNRs, identified both in the long slit itself and in the IRAC/MIPS images. An optimal spectrum
was extracted using the SPICE software. The central position was observed twice with each of the
four sub–slits and the average spectrum was created. The two spectra for each sub–slit at each
position agree to better than 10%. Some of the spectra were reduced using CUBISM (Smith et al.
2007) which was helpful particularly when the sky background structures are confused with the
SNRs.
There is in general substantial emission from unrelated Galactic material along the line–of–
sight of the SNRs. The long slit nature of our observations was used to subtract a local background
from the spectra of the SNR. Due to the simultaneous observations of two orders, at two different
1http://irsa.ipac.caltech.edu/data/SPITZER/docs/mips/features/
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G11.2-0.3 Kes 69
G22.7-0.2 3C396
G54.4-0.3 Kes 17
Kes 20A G311.5-0.3
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RCW 103 G344.7-0.1
G346.6-0.2 G348.5-0.0
CTB37A-N CTB37A-S
G349.7+0.2
Fig. 1.— Spitzer MIPSGAL 24 µm images covering the MIPS SED slit region. Each image is
12′×8′ and the intensity scale is inverted. The location of both the on and off slits are located in
each image. In each image the center of the circle is the central position for the extracted SEDs
and IRS spectra. North is up, east is to the left.
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spatial positions, we have been able to identify clean sky positions within a few arcminutes for
the majority of the SNRs. Since the background is subtracted from slightly different positions
on the sky, there are small differences in their surface brightness levels. We have corrected the
individual background orders by a small multiplicative factor (<10%) to ensure the spectra join in
a continuous manner.
2.3. MIPS Imaging
We have further included MIPS 24 and 70 µm imaging of all the SNRs. The data were obtained
as part of the MIPSGAL survey (Carey et al. 2009).
The individual BCD files covering each SNR region were obtained from the archive, reduced
and mosaicked using the MOPEX pipeline. The 24 µm images are shown in Figure 1 together
with the location of the MIPS SED slits. The morphology between the 24 and 70 µm images is
typically very similar, but the SNRs are more easily discernible in the 24 µm compared to the 70 µm
images due to the temperature difference between the heated dust and the surrounding interstellar
material and the artifacts present in the long wavelength data.
3. Results
We present the IRS spectra and MIPS SEDs below and discuss the detection of emission from
molecular hydrogen and neutral oxygen. The luminosity from the dust emission is calculated for
the SNRs integrating over the observed wavelength range. The line flux for the [O I] line at 63 µm
is measured. Further, the integrated luminosity from the H2 lines for each SNR is determined. We
estimate the temperature for the big grains from fitting of a modified black body.
3.1. The MIPS SEDs: [O I] Line and Continuum Emission
Figure 2 shows the MIPS SEDs for all the SNRs. Line emission due to neutral oxygen at 63
µm is clearly seen in many of the spectra. 10 SNRs in our sample show clear evidence for [O I]
emission as shown in Figure 2. A Gaussian fit was performed to the [O I] lines, and the surface
brightnesses of [O I] are given in Table 2.
The [O I] line luminosity has been calculated after extinction correction and accounting for
distances as given in Table 1. Several SNRs, including RCW 103 show tentative evidence for weak
[O I] emission in the off position. If true, the measured [O I] line would be slightly underestimated,
by 10% or less. Typical extinction corrections are less than 10% at 63 µm.
Large (silicate) grains dominate the emission at long wavelengths (e.g. Desert et al. 1990).
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The grains are in thermal equilibrium and we can estimate their temperature through a fit by a
modified black body, with a dust emissivity index of β = −2. The modified black body fits are
superposed on the SEDs in Figure 2 and the derived black body temperatures are provided in
Table 2. We find the range of temperatures for SNR heated dust to be between 29K and 66K. The
dust temperature for most of the SNRs is between 30 and 43 K. The high-temperature exceptions
are the shell of 3C396 and G344.7-0.1 with temperatures of 51 and 66 K, respectively. Further, for
the position RCW103, the background is contaminated by diffuse emission that compromises the
SED. Although the same background is present for the RCW103 fill position, the emission from
the dust is stronger relative to the background.
The temperatures (29-66 K) we derive for the SNRs are higher than a typical ISM temperature
of 15–20 K (e.g. Reach et al. 1995; Li & Draine 2001). The black body temperatures derived show
that the dust is heated in excess of what is expected by the interstellar radiation field. As shown
in Mathis et al. (1983), the temperature of the silicate dust scales roughly as the strength of the
interstellar radiation field to the one sixth power for a dust emissivity of β = −2. The derived
temperatures thus indicate a heating source that is 10-800 times stronger than the local interstellar
radiation field. We discuss in Section 4 the possible origin for the additional heating.
3.2. Emission Lines from H2 and Ionic Lines
The observed line brightness from H2 and ionic lines are presented in Table 3 and the de–
reddened values are presented in Table 4. The lines were fitted with Gaussian profiles. Small
wavelength segments were selected and the lines within each segment were fit simultaneously with
the a low order fit to the background. We find H2 emission in 8 of the SNRs, expanding greatly
on the sample by Hewitt et al. (2009) to a total number of 14 SNRs among the sample SNRs
in (Reach et al. 2006). Further, many ionic lines are observed. For G22.7-0.2 there is tentative
evidence for the detection of the H2 S(0) and H2 S(2) lines although they are very faint relative
to the continuum and adjacent PAH features. The total H2 luminosity is estimated in a similar
manner. The dust–to–H2 luminosity ratio is given in Table 2.
3.3. Integrated Dust Luminosity
Figure 3 shows the Spitzer IRS spectra and MIPS SED observations of the SNRs before dered-
dening. The spectra show a rise of the continuum longwards of 20 µm with a peak typically in
the 70-85µm range. There are several indications for PAH emission in the short wavelength part
of the spectrum, including the features at 11.3 µm, 16–19 µm as well as 6.2, 7.7, and 8.6µm. The
features are most noticeable in e.g. Kes 17, CTB 37A, and RCW 103. It is thus further likely that
the mid–infrared continuum emission is due to PAH emission, as predicted by e.g. the DUSTEM
models.
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Table 2. The dust luminosity, H2 intensity, H2 luminosity, OI intensity, OI luminosity, and the
ratio of the H2 luminosity to dust luminosity. The dust luminosity is integrated from 5 to 80 µm
and is interpolated between 35 and 55 µm. The errors on the luminosity are of the order 10% and
are mainly due to systematic uncertainties in the background subtraction. The uncertainty on the
black–body temperatures are 1K.
SNR Dust luminosity H2 brightness H2 luminosity OI brightness OI luminosity
L(H2)
L(dust)
TBB
L⊙ erg/s/cm2/sr L⊙ erg/s/cm2/sr L⊙ K
G11.2 291 2.2(0.1)E-3 3.9(0.2)E 0 0.0(0.0)E 0 0.0(0.0)E 0 1.3(0.1)E-2 38
Kes 69 118 1.5(0.2)E-3 2.4(0.2)E 0 1.9(0.1)E-4 2.2(0.1)E 0 2.1(0.2)E-2 39
G22.7 211 7.6(2.1)E-5 2.1(0.5)E-2 0.0(0.0)E 0 0.0(0.0)E 0 10(2.4)E-5 40
3C396cent 473 1.9(0.1)E-5 1.6(0.1)E-2 0.0(0.0)E 0 0.0(0.0)E 0 3.4(0.4)E-5 35
3C396shell 301 1.6(0.2)E-3 3.2(0.2)E 0 1.5(4.9)E-4 2.8(9.2)E 0 1.1(0.1)E-2 51
G54.4 22 3.6(1.3)E-5 6.5(1.7)E-3 0.0(0.0)E 0 0.0(0.0)E 0 3.0(0.8)E-4 29
Kes 17 460 4.8(0.3)E-3 2.7(0.1)E 1 8.1(0.6)E-4 3.3(0.2)E 1 5.8(0.6)E-2 39
Kes 20A 2034 3.9(0.8)E-5 1.5(0.2)E-1 0.0(0.0)E 0 0.0(0.0)E 0 7.4(1.3)E-5 35
G311.5 948 1.6(0.2)E-3 2.2(0.2)E 1 4.9(1.1)E-4 4.6(1.0)E 1 2.3(0.3)E-2 42
RCW103 53 2.6(0.3)E-3 1.5(0.1)E 0 3.2(5.0)E-4 1.4(2.3)E 0 2.8(0.4)E-2 ...
RCW103fill 60 1.9(1.0)E-4 1.2(1.0)E-1 4.7(5.9)E-4 2.1(2.7)E 0 1.9(1.7)E-3 43
G344.7 1633 1.2(0.1)E-3 1.3(0.1)E 1 6.0(1.0)E-4 5.2(0.9)E 1 7.8(1.0)E-3 66
G346.6 434 1.2(0.1)E-3 9.0(0.5)E 0 2.4(0.3)E-4 1.3(0.2)E 1 2.1(0.2)E-2 34
G348.5 1902 8.9(1.8)E-4 1.2(0.2)E 1 9.4(0.6)E-4 7.5(0.5)E 1 6.1(1.0)E-3 43
CTB 37A-N 1122 2.1(0.2)E-3 1.6(0.1)E 1 8.3(1.7)E-4 4.3(0.9)E 1 1.4(0.2)E-2 42
CTB 37A-S 3604 3.8(1.6)E-5 9.2(3.1)E-2 0.0(0.0)E 0 0.0(0.0)E 0 2.5(0.9)E-5 36
G349.7 77998 1.7(0.5)E-3 4.3(1.4)E 1 7.0(0.3)E-3 1.5(0.1)E 3 5.6(1.8)E-4 41
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Table 3. The observed line brightness (erg s−1 cm−2 sr−1) for molecular hydrogen and atomic
lines. Local background has been subtracted from the spectra.
Transition λ (µm) G11.2 G22.7 3C396cent Kes 20A RCW103 RCW103fill
H2 S(0) 28.22 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 5.9(2.5)E-6 0.0(0.0)E 0 0.0(0.0)E 0
H2 S(1) 17.04 1.7(0.4)E-5 1.9(0.3)E-5 1.2(0.1)E-5 1.2(0.1)E-5 9.3(0.7)E-5 3.8(0.4)E-5
H2 S(2) 12.28 4.3(0.6)E-5 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 9.5(1.0)E-5 0.0(0.0)E 0
H2 S(3) 9.67 1.5(0.1)E-4 1.4(0.5)E-5 0.0(0.0)E 0 0.0(0.0)E 0 4.5(0.7)E-4 0.0(0.0)E 0
H2 S(4) 8.03 2.0(0.2)E-4 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 2.4(0.4)E-4 0.0(0.0)E 0
H2 S(5) 6.91 6.6(0.3)E-4 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 8.1(0.6)E-4 8.8(3.0)E-5
H2 S(6) 6.11 1.8(0.3)E-4 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 1.6(0.6)E-4 0.0(0.0)E 0
H2 S(7) 5.51 5.6(0.2)E-4 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 4.9(0.5)E-4 5.2(5.8)E-5
[FeII] 5.34 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 7.6(8.2)E-6 1.0(0.1)E-3 1.3(0.0)E-3
[ArII] 6.98 6.1(2.7)E-5 0.0(0.0)E 0 2.2(2.4)E-5 0.0(0.0)E 0 7.8(0.7)E-4 5.5(0.5)E-4
[ArIII] 9.00 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0
[NeII] 12.8 6.2(0.6)E-5 4.9(1.5)E-5 9.4(1.1)E-5 0.0(0.0)E 0 1.2(0.0)E-3 9.4(0.2)E-4
[NeIII] 15.5 1.8(0.1)E-4 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 7.8(0.2)E-4 3.5(0.1)E-4
[FeII] 17.9 6.2(0.5)E-5 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 3.0(0.1)E-4 2.1(0.1)E-4
[SIII] 18.7 6.0(0.5)E-5 1.1(0.3)E-5 1.7(0.2)E-5 2.5(0.8)E-6 2.5(0.1)E-4 8.9(0.4)E-5
[FeII] 24.5 3.9(0.8)E-5 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 7.9(1.3)E-5 3.7(0.6)E-5
[SI] 25.2 1.9(0.6)E-5 1.2(0.9)E-6 4.3(0.4)E-5 1.9(0.6)E-6 2.2(1.2)E-5 1.4(0.3)E-5
[FeII] 25.9 2.7(0.1)E-4 6.2(1.8)E-6 4.2(1.5)E-6 2.4(1.0)E-6 5.6(0.2)E-4 3.2(0.1)E-4
[SIII] 33.5 3.6(0.4)E-5 0.0(0.0)E 0 1.0(0.0)E-4 0.0(0.0)E 0 1.6(0.1)E-4 5.2(0.7)E-5
[SiII] 34.8 5.5(0.5)E-5 3.5(0.6)E-5 4.3(0.3)E-5 1.0(0.3)E-5 6.5(0.2)E-4 4.8(0.1)E-4
[FeII] 35.35 1.8(0.3)E-5 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 1.1(0.1)E-4 7.1(0.8)E-5
[OI] 63 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0 3.2(5.0)E-4 4.7(5.9)E-4
G311.5 G344.7 CTB 37A-N CTB 37A-S G54.4
H2 S(0) 28.22 0.0(0.0)E 0 2.0(0.8)E-6 9.2(1.2)E-6 1.5(0.3)E-5 6.7(0.4)E-6
H2 S(1) 17.04 6.0(0.2)E-5 2.1(0.2)E-5 3.0(0.2)E-5 1.3(0.8)E-5 1.1(0.6)E-5
H2 S(2) 12.28 5.5(0.4)E-5 3.2(0.5)E-5 6.4(1.8)E-5 0.0(0.0)E 0 1.5(0.6)E-5
H2 S(3) 9.67 8.1(0.9)E-5 4.6(0.6)E-5 1.2(0.0)E-4 0.0(0.0)E 0 0.0(0.0)E 0
H2 S(4) 8.03 1.4(0.1)E-4 6.3(1.1)E-5 1.7(0.3)E-4 0.0(0.0)E 0 0.0(0.0)E 0
H2 S(5) 6.91 5.0(0.4)E-4 2.5(0.2)E-4 5.6(0.3)E-4 0.0(0.0)E 0 0.0(0.0)E 0
H2 S(6) 6.11 1.2(0.4)E-4 5.9(1.3)E-5 1.6(0.4)E-4 0.0(0.0)E 0 0.0(0.0)E 0
H2 S(7) 5.51 3.2(0.5)E-4 1.5(0.2)E-4 3.8(0.5)E-4 0.0(0.0)E 0 0.0(0.0)E 0
[FeII] 5.34 5.0(0.5)E-4 5.8(0.2)E-4 5.1(0.6)E-4 0.0(0.0)E 0 1.3(1.3)E-5
[ArII] 6.98 1.2(0.4)E-4 3.3(0.2)E-4 1.9(0.2)E-4 4.7(2.4)E-5 0.0(0.0)E 0
[ArIII] 9.00 0.0(0.0)E 0 1.9(0.5)E-5 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0
pNeII] 12.8 1.5(0.1)E-4 4.8(0.1)E-4 5.2(0.2)E-4 1.8(0.2)E-4 2.2(0.7)E-5
[NeIII] 15.5 4.4(0.2)E-5 2.9(0.0)E-4 1.7(0.0)E-4 1.4(0.7)E-5 3.3(1.5)E-6
[FeII] 17.9 2.0(0.1)E-5 1.2(0.0)E-4 0.0(0.0)E 0 0.0(0.0)E 0 0.0(0.0)E 0
[SIII] 18.7 1.7(0.1)E-5 6.1(0.2)E-5 0.0(0.0)E 0 8.2(0.9)E-5 2.4(1.0)E-6
[FeII] 24.5 2.8(1.5)E-6 3.2(0.4)E-5 6.5(6.3)E-6 0.0(0.0)E 0 0.0(0.0)E 0
[SI] 25.2 4.4(0.7)E-6 8.2(2.7)E-6 1.6(0.2)E-5 4.9(4.8)E-6 0.0(0.0)E 0
[FeII] 25.9 5.6(0.2)E-5 3.0(0.1)E-4 1.6(0.1)E-4 1.9(0.5)E-5 1.2(0.5)E-6
[SIII] 33.5 1.6(0.3)E-5 5.1(0.5)E-5 3.0(0.7)E-5 7.6(0.7)E-5 1.3(0.1)E-5
[SiII] 34.8 3.0(0.1)E-4 4.1(0.1)E-4 9.4(0.2)E-4 2.8(0.1)E-4 2.0(0.1)E-5
[FeII] 35.35 1.8(0.4)E-5 6.1(1.7)E-5 6.8(0.9)E-5 0.0(0.0)E 0 0.0(0.0)E 0
[OI] 63 4.9(1.1)E-4 6.0(1.0)E-4 8.3(1.7)E-4 0.0(0.0)E 0 0.0(0.0)E 0
